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OBJECT DETECTION APPARATUS, DISTANCE MEASURING 
APPARATUS AND OBJECT DETECTION METHOD 



BACKGROUND OF THE INVENTION 

5 

The present invention relates to an object detection 
apparatus, a distance measuring apparatus, and an object 
detection method. 

10 An object detection method is known in which an object is 

detected by radiating a wave such as a radio wave, an 
ultrasonic wave or light to an object and detecting a 
reflected wave from the object. The time period from the 
moment at which the wave is radiated to the moment at which 

15 the reflected wave is detected is measured to enable 

computation of the distance from the wave radiation position 
to the object. This method, however, cannot be used with 
respect to an object having a wave absorbing property. 

20 Japanese Laid-Open Patent Publication No. 2003-196664 

discloses an object detection apparatus which detects an 
object on the basis of an image picked up by an image pickup 
device such as a CCD camera. This object detection apparatus 
obtains two or more images picked up successively with respect 

25 to time and computes optical flows from the obtained images. 
The object detection apparatus separates each image into a 
region predicted to include the object and a region predicted 
to include no object portion. The object detection apparatus 
executes predetermined processing, e.g., pattern matching on 

30 the predicted object-including region to detect the object 

from the region. This kind of object detection apparatus is 
capable of detecting an object without being influenced by the 
properties of the object, e.g., the property of easily 
absorbing waves. After the detection of the object, the 

35 distance to the object can be obtained on the basis of the 

- 1 - 



principle of triangulation for example. 

The object detection apparatus disclosed in Japanese 
Laid-Open Patent Publication No. 2003-196664 requires 
5 complicated computation processing for separating a region 
including an object and a region including no object portion 
from an obtained image. In this computation processing, if 
the object has a shadow, there is a possibility of the shadow 
being erroneously recognized as a portion of the object. For 
10 this reason, the object detection apparatus cannot detect the 
object with accuracy. As a result, the distance to the object 
cannot be computed with accuracy. 

SUMMARY OF THE INVENTION 

15 

An object of the present invention is to provide an 
object detection apparatus and an object detection method 
capable of improving the accuracy with which an object is 
detected, and a distance measuring apparatus capable of 
20 improving the accuracy with which the distance to the object 
is measured. 

To achieve the above objective, the present invention 
provides an object detection apparatus for detecting an object 

25 on a reference plane. Relative positions of the object and 

the object detection apparatus change on the reference plane. 
The apparatus includes an image pickup device, an image 
cutting section and a computer. The image pickup device 
captures an image in a predetermined image pickup area, 

30. thereby obtains image data. The image cutting section cuts an 
image received by the image pickup device such that the image 
pickup device receives an image that is divided into a 
reference plane image and an object image by a predetermined 
boundary. The reference plane image contains the reference 

35 plane. The object image contains the object and does not 
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contain the reference plane. From image data obtained by the 
image pickup device, the computer obtains reference plane 
image data corresponding to the reference plane image and 
object image data corresponding to the object image. The 
5 computer computes relative positions of the object and the 

object detection apparatus on the reference plane based on an 
optical flow obtained from the reference plane image data and 
an optical flow obtained from the object image data. 

10 According to another aspect of the invention, a distance 

measuring apparatus that is mounted on a mobile unit that 
moves on a reference plane is provided. The apparatus 
measures a distance from the mobile unit to an object. The 
apparatus includes an image acquisition section, a movement 

15 amount computation section and a distance computation section. 
The image acquisition section obtains a reference plane image 
and an object image. The movement amount computation section 
computes an amount of movement of the mobile unit based on an 
optical flow obtained from the reference plane image. The 

20 distance computation section computes a distance from the 

mobile unit to the object based on an optical flow obtained 
from the object image and the amount of movement of the mobile 
unit computed by the movement amount computation section. 

25 In addition, present invention may be applicable to 

provide an object detection method for detecting an object on 
a reference plane using an image pickup device. Relative 
positions of the object and an object detection apparatus 
change on the reference plane. The method includes cutting an 

30 image received by the image pickup device such that the image 
pickup device receives an image that is divided into a 
reference plane image and an object image by a predetermined 
boundary. The method further includes obtaining reference 
plane image data corresponding to the reference plane image 

35 and object image data corresponding to the object image from 



image data obtained by the image pickup device. The method 
further includes .computing relative positions of the object 
and the object detection apparatus on the reference plane 
based on an optical flow obtained from the reference plane 
5 image data and an optical flow obtained from the object image 
data . 

Other aspects and advantages of the invention will become 
apparent from the following description, taken in conjunction 
10 with the accompanying drawings, illustrating by way of example 
the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The invention, together with objects and advantages 

thereof, may best be understood by reference to the following 
description of the presently preferred embodiments together 
with the accompanying drawings in which: 

20 FIG. 1 is a block diagram showing an electrical 

configuration of a distance measuring apparatus in an 
embodiment of the present invention; 

FIG. 2 is a diagram schematically showing the 
construction of an image acquisition section in the distance 
25 measuring apparatus shown in FIG. 1; 

FIG. 3 is a diagram schematically showing an image 
obtained by the image acquisition section in the distance 
measuring apparatus shown in FIG. 1; 

FIG. 4 is a diagram showing the relationship between a 
30 mobile unit on which the distance measuring apparatus shown in 
FIG. 1 is mounted and an object; and 

FIG. 5 is a diagram schematically showing the 
construction of an image acquisition section in a distance 
measuring apparatus in another embodiment of the present 
35 invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the present invention will be described 
5 with reference to the accompanying drawings. 

As shown in FIG. 1, a distance measuring apparatus S is 
mounted on a mobile unit 10. The mobile unit 10 is an 
autonomous robot capable of moving on a reference plane M, 

10 e.g., the ground, a sweeping robot in this embodiment. The 
mobile unit 10 moves on the reference plane M in a direction 
parallel to the reference plane M. The distance measuring 
apparatus S detects an obstacle, i.e., an object B, on the 
reference plane M, and measures the distance D (see FIG. 2) 

15 between the object B and the mobile unit 10. The mobile unit 
10 uses data on the distance D measured by the distance 
measuring apparatus S in order to avoid contact with the 
object B. 

20 The distance measuring apparatus S has an image 

acquisition section 11, a movement amount computation section 

12, and a distance computation section 13. The image 
acquisition section 11 obtains image data on the object B and 
supplies the obtained image data to the movement amount 

25 computation section 12 and the distance computation section 

13. The movement amount computation section 12 computes the 
amount of movement of the mobile unit 10 on the basis of the 
image data supplied from the image acquisition section 11, and 
supplies data on the computed movement amount to the distance 

30 computation section 13. The distance computation section 13 
computes the distance D from the mobile unit 10 to the object 
B on the basis of the image data supplied from the image 
acquisition section 11 and the movement amount data supplied 
from the movement amount computation section 12. Preferably, 

35 each of the movement amount computation section 12 and the 
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distance computation section 13 comprises a computer. 

As shown in FIG. 2, the image acquisition section 11 
includes a monocular camera 14, e.g., a CCD camera or a CMOS 
5 camera which functions as an image pickup device, and a mirror 
15 in the form of a flat plate which functions as a reflecting 
body. The camera 14 is positioned above the mirror 15. The 
double-dot dash line in FIG. 2 indicates the image pickup area 
of the camera 14. 

10 ■ 

The mirror 15 faces upward as viewed in FIG. 2. That is, 
the mirror 15 has a reflecting surface 15a facing the camera 
14. The reflecting surface 15a is set at a predetermined 
angle 01 from the reference plane M. The optical axis of the 

15 imaging lens of the camera 14 includes a first optical axis 
portion LI from the camera 14 to an incident point on the 
reflecting surface 15a of the mirror 15, and a second optical 
axis portion L2 which projects subsequent to the first optical 
axis portion LI from the reflecting surface 15a. The first 

20 optical axis portion LI is at a predetermined angle 02 from 

the reference plane M. The angle 01 and the angle 02 are set 
so that the second optical axis portion L2 is parallel to the 
reference plane M and extends close to the reference plane M. 
That is, there is a relationship: angle 02 = angle 01 x 2 . In 

25 this embodiment, angle 01 = 45° and angle 02 = 90°. The mirror 
15 is placed in the vicinity of the reference plane M and a 
certain gap is provided between the mirror 15 and the 
reference plane M. 

30 As shown in FIG. 3, an image 16 picked up by the camera 

14 has two image portions, i.e., a reference plane image 16a 
and an object image 16b. The reference plane image 16a 
includes no image reflected by the mirror 15 and includes an 
image directly picked up without interposing the mirror 15. 

35 The reference plane image 16a includes only an image of the 
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reference plane M. The reference plane image 16a shows a 
normal view of the reference plane M. The object image 16b 
includes an image reflected by the mirror 15. The object 
image 16b includes only an image of the object B and includes 
5 no image of the reference plane M. That is, the object image 
16b includes no shadow of the object B. 

In this embodiment, the object image 16b occupies the 
upper half of the image 16 above the boundary corresponding to 
the optical axis L, and the reference plane image 16a occupies 
the lower half. That is, the mirror 15 cuts an image received 
by the camera 14 such that an image that is divided into the 
reference plane image 16a and the object image 16b enters the 
camera 14 . 

The image acquisition section 11 obtains image 16 at 
predetermined time intervals with the camera 14. The image 
acquisition section 11 converts the obtained image 16 into an 
electrical signal and supplies the signal to the movement 
amount computation section 12 and the distance computation 
section 13. More specifically, the movement amount 
computation section 12 obtains image data on the reference 
plane image 16a from the image acquisition section 11, while 
the distance computation section 13 obtains image data on the 
object image 16b from the image acquisition section 11. 

(Movement amount computation section 12) 

The movement amount computation section 12 includes a 
30 first template preparation section 17, a first data storage 
section 18, a first optical flow detection section 19 and a 
computation section 20. The sections 17 to 20 represent the 
functions of the computer. The first template preparation 
section 17 and the first optical flow detection section 19 
35 obtain image data on the reference plane image 16a from the 
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image acquisition section 11 . 

FIG. 4 shows the position of the mobile unit 10 at a time 
tl and the position of the mobile unit 10 at a time t2 after a 
5 lapse of a predetermined time period from time tl. The first 
template preparation section 17 prepares templates Ti (n) , the 
total number of which is represented by the letter n (n is 
plural/ 1 < i < n) , from the reference plane image 16a 
obtained at time tl. That is, the first template preparation 

10 section 17 divides the reference plane image 16a into n 

regions and forms template Ti (n) with respect to each region. 
Template Ti (n) in this embodiment shows a luminance pattern on 
the corresponding region. The first template preparation 
section 17 stores data on the obtained templates Ti (n) in the 

15 first data storage section 18. 

The first data storage section 18 has a memory (not 
shown) . The first data storage section 18 stores in the 
memory the data on templates Ti (n) supplied from the first 
20 template preparation section 17. That is, the first data 

storage section 18 records templates Ti (n) corresponding to 
the reference plane image 16a at predetermined time intervals. 

When image data on the reference plane image 16a obtained 
25 at time t2 is supplied from the image acquisition section 11 
to the first optical flow detection section 19, the first 
optical flow detection section 19 reads out from the first 
data storage section 18 templates Ti (n) obtained at time tl 
before time t2. The first optical flow detection section 19 
30 then performs comparison between the obtained templates Ti (n) 
and the image data on the reference plane image 16a obtained 
at time t2, i.e., template matching, to obtain optical flows 
on the reference plane image 16a, i.e., plane optical flows. 
The optical flows are expressed by velocity vectors of points 
35 in the image. 
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A process in which the movement amount computation 
section 12 obtains the optical flow on the reference plane 
image 16a will be described below in detail, 

5 

First, the first optical flow detection section 19 
records the coordinates of a representative point of each 
template Ti (n) , e.g., a center point of each template Ti(n) as 
coordinates (Xi, Yi) of a start point of an optical flow. 

10 

Subsequently, the first optical flow detection section 19 
moves each template Ti (n) in the reference plane image 16a 
obtained at time t2 to detect a region of the reference plane 
image 16a which coincides with or similar to template Ti(n) in 

15 the luminance pattern, i.e., a matching region. When a 

matching region is detected, the first optical flow detection 
section 19 records a representative point in the obtained 
matching region, i.e., a center point of the matching region, 
as coordinates (Xi ? , Yi ' ) of an end point of the optical flow. 

20 The first optical flow detection section 19 records the 

coordinates of the start and end points of all the templates 
Ti(n). The first optical flow detection section 19 supplies 
the coordinates of the start and end points of the obtained 
optical flows to the computation section 20. 

25 

The computation section performs Hough transform by using 
the coordinates (Xi, Yi) of the start points and the 
coordinates (Xi 1 , Yi 1 ) of the end points of the input optical 
flows to compute the amount of movement of the mobile unit 10. 

30 

For example, the reference plane M is assumed to be an X- 
Y plane, as shown in FIG. 4. The amount of rotation of the 
mobile unit 10 about the Z-axis perpendicular to the X-Y 
plane, i.e., the amount of rotation of the distance measuring 
35 apparatus S, when the mobile unit 10 moves on the reference 



plane M is represented by d9. The rotation amount d0 is the 
angle between the second optical axis portion L2 obtained at 
time tl and the second optical axis portion L2 obtained at 
time t2. The distance from the reference plane M to the 
camera 14 is represented by h (see FIG. 2) . In this case, the 
following equation 1 shows the amount of movement dx of the 
mobile unit 10 in the X-axis direction, and equation 2 shows 
the amount of movement dy in the Y-axis direction. 



10 dx = {(X, - f n ) - {X, •-/„ )cos d 6} + A ft '-/» )sin d 6 ( 1 ) 

J\\ J 22 



dy = --^- {X, •-/„ )sin d 6 + A {ft _ f 2} ) _ ft ._ /aj ) cos fl } ( 2 ) 

-/ll -/22 



Terms fn, f i3 , f 2 2f and f 2 3 in equations 1 and 2 shown 
15 above are internal parameters of the camera 14. The internal 
parameters are values determined according to manufacturing or 
assembly errors of the camera 14 and an optical device, e.g., 
a CCD in the camera 14. 

20 The computation section 20 obtains a plurality of Hough 

curves corresponding to the optical flows by substituting in 
equations 1 and 2 the coordinates (Xi, Yi) of the start points 
and the coordinates (XI', Yi 1 ) of the end points of the 
optical flows obtained by the above-described template 

25 matching and by substituting values from 0 to 360° in dG in 
equations 1 and 2. The computation section 20 computes the 
values of dx, dy and d0 corresponding to a point at which the 
largest number of Hough curves intersect as affine 
transformation parameters (dx, dy and d0) , i.e., the amount of 

30 movement of the mobile unit 10. The computation section 20 
supplies the obtained movement amount (dx, dy and d9) to a 
triangulation section 24. 
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(Distance computation section 13) 

The distance computation section 13 includes a second 
template preparation section 21, a second data storage section 
5 22, a second optical flow detection section 23 and the 

triangulation section 24. The sections 21 to 24 represent 
functions of the computer. The second template preparation 
section 21 and the second optical flow detection section 23 
obtain image data on the object image 16b from the image 
10 acquisition section 11. 

The second template preparation section 21 prepares 
templates Tk(m) , the total number of which is represented by 
the letter m (1 < k < m), on the basis of image data on the 

15 object image 16b obtained at time tl, as does the first 
template preparation section 17 in the above-described 
movement amount computation section 12. The second template 
preparation section 21 supplies the obtained templates Tk(m) 
to the second data storage section 22. The second data 

20 storage section 22 stores the templates Tk(m) in a memory (not 
shown) . 

When image data on the object image 16b obtained at time 
t2 is input, the second optical flow detection section 23 

25 reads out from the second data storage section 22 templates 

Tk(m) obtained at time tl before time t2. The second optical 
flow detection section 23 performs comparison (template 
matching) between the templates Tm(k) and the image data on 
the object image 16b obtained at time t2 to obtain optical 

30 flows on the object image 16b, i.e., object optical flows, as 
does the above-described first optical flow detection section 
19. The second optical flow detection section 23 supplies 
coordinates (Uk, Vk) of the start points and coordinates (Uk f , 
Vk 1 ) of the end points of the obtained optical flows to the 

35 triangulation section 24. 
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The triangulat ion section 24 detects the object B by 
using the obtained data on the optical flows. More 
specif ically, the triangulation section 24 computes the 
5 distance D to the object B by using the principle of 

triangulation on the basis of the coordinates (Uk, Vk) of the 
start points and the coordinates (Uk 1 , Vk f ) of the end points 
of the optical flows input from the second optical flow 
detection section 23 with respect to the object image 16b and 
10 the amount of movement (dx, dy, d0) input from the computation 
section 20 in the movement amount computation section 12. 
More specifically, the triangulation section 24 computes the 
distance D by equations 3 and 4 shown below. 

15 D _ I^fch^ (3) 
(U k '~f u ){(U k -f l3 )sm 

in the case where |uk - Uk f | > |vk - Vk 1 | . 

D - -( V * -/aaX^tf ^/Vi3)+/n(^ + ^)}+yii(^/-/23) (4) 
(K - f* ){sin d 9(U k •-/» ) + /, , cos d 6} - f x 1 (V k <-f 23 ) 

20 

in the case where | Uk - Uk 1 | < | Vk - Vk 1 | . 

The triangulation section 24 supplies data on the 
obtained distance D to a motor drive section 26 provided on 
25 the mobile unit 10 . 

The motor drive section 26 supplies a drive current to 
motors for driving tires, caterpillar treads or the like of 
the mobile unit 10. The motor drive section 26 controls the 
30 motors by using the data on the distance D so that the mobile 
unit 10 and the object B do not contact each other. 



As described above, the distance measuring apparatus S of 
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this embodiment has advantages described below. 

(1) The mirror 15 cuts an image received by the camera 14 
such that the image 16, which is divided into the reference 

5 plane image 16a and the object image 16b, is received by the 
camera 14. The reference plane image 16a contains the 
reference plane M, and the object image 16b contains the 
object B and does not contain the reference plane M. 
Therefore, the distance measuring apparatus S can easily 

10 separate the region including the object B and the region 
including no object B. The object image 16b includes no 
shadow of the object B. That is, the distance measuring 
apparatus S functions as an object detection apparatus, which 
can computes relative positions of the object B and the 

15 distance measuring apparatus S on the reference plane M with 
accuracy. 

(2) The distance measuring apparatus S computes the 
amount of movement of the mobile unit 10 on the basis of a 

20 plurality of reference plane image portions 16a obtained at 
different times, and measures the distance D to the object B 
on the basis of the obtained movement amount and a plurality 
of object image portions 16b obtained at different times. 
Therefore, the distance measuring apparatus S can measure the 

25 distance D with accuracy. 

(3) In the distance measuring apparatus S, the direction 
of the optical axis L of the camera 14 is adjusted so that the 
optical axis L is parallel to the reference plane M and close 

30 to the reference plane M, that is, the distance from the 

reference plane M to' the second optical axis portion L2 is not 
larger than the height of the object B. Therefore, the 
reference plane image 16a and the object image 16b can be 
reliably cut out from the image 16. 

35 
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(4) The distance measuring apparatus S has the mirror 15 
capable of adjusting the direction of the optical axis L. 
Therefore, the direction of the optical axis L can be easily 
adjusted by adjusting the direction of the mirror 15. That 

5 is, the construction of the distance measuring apparatus S can 
be simplified. Also, the configuration increases the degree 
of flexibility in the position of the camera 14. 

(5) The angle Gl between the reflecting surface 15a and 
10 the reference plane M and the angle 92 between the optical 

axis L at the incident position on the reflecting surface 15a 
and the reference plane M are set so as to satisfy a relation 
expression 02 = 91 x 2. The setting according to this simple 
relation expression ensures that the image reflected by the 
15 reflecting surface 15a of the mirror 15 can be obtained as the 
reference plane image 16a from which the reference plane M is 
excluded and in which the object B is included. 

(6) Angle G2 is 90°. That is, an image corresponding to 
20 a normal view of the reference plane M can be obtained as the 

reference plane image 16a. That is, the optical flows with 
respect to the reference plane image 16a include no amount of 
movement in the height direction, i.e., the Z-direction in the 
case where the reference plane M is the X-Y plane, and 

25 represent only the amount of movement in a direction parallel 
to the reference plane M . Therefore, the amount of movement 
of the mobile unit 10 can be easily obtained from a plurality 
of reference plane image portions 16a. Also, the area of the 
reference plane image 16a can be restricted below the camera 

30 14. That is, inclusion of any object other than the reference 
plane M can be limited in the reference plane image 16a. 

(7) The computation section 20 performs Hough transform 
by using the coordinates of the starting and end points of at 

35 least two optical flows when obtaining the amount of movement 
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of the mobile unit 10. In general, a plurality of optical 
flows are obtained from a plurality of images obtained at 
different times. There is a possibility of these optical 
flows including an optical flow having no correlation with the 
5 amount of movement of the mobile unit 10. Hough transform is 
performed on the coordinates of the start and end points of 
these obtained optical flows to enable estimation of the 
amount of movement of the mobile unit 10 with no influence of 
the optical flow having no correlation with the amount of 

10 movement. Thus, the amount of movement of the mobile unit 10 
can be obtained by using Hough transform, which is an existing 
method, without developing a new algorithm for estimation of 
the amount of movement of the mobile unit 10 from optical 
flows. Therefore, the cost of development of the distance 

15 measuring apparatus S can be limited. 

(8) In the image 16, the size of the reference plane 
image 16a is the same as that of the object image 16b. 
Therefore, it is easy to balance the computation load for 
20 computation of optical flows in the movement amount 
computation section 12 and the computation load for 
computation of optical flows in the distance computation 
section 13. That is, computation load unevenness can be 
reduced . 



25 



The invention may be embodied in the following forms 



In the above-described embodiment, the camera 14 is 
placed so that the angle 02 = 90° and the mirror 15 is placed 
30 so that the angle 91 = 45°. However, as long as the 

relationship: angle 92 = 01 x 2 is maintained, the angle 01 is 
not limited to 45° and the angle 02 is not limited to 90°. For 
example, angle 01 = 30° and angle 02 = 60° may be set. Also, 
the angle 02 may be set to a value larger than 90°. For 
35 example, angle 01 = 60° and angle 02 = 120° may be set. 
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In the above-described embodiment , the image acquisition 
section 11 obtains the reference plane image 16a and the 
object image 16b by using the single mirror 15. However, the 
5 image acquisition section 11 may be provided with a mirror 25 
in addition to the mirror 15, for example, as shown in FIG. 5 
to obtain the reference plane image 16a and the object image 
16b. The mirror 25 is placed above the mirror 15. The mirror 
25 is places so that a reflecting surface 25a of the mirror 25 

10 faces downward and is parallel to the reflecting surface 15a 
of the mirror 15. The camera 14 is placed so as laterally 
face the reflecting surface 25a. That is, in this 
modification, while the angle 02 is maintained at 90°, the 
direction of the first optical axis LI is changed by the 

15 mirror 25 placed between the mirror 15 and the camera 14. 

Therefore, the degree of the flexibility in the position of 
the camera 14 is further improved. Since the camera 14 is 
placed so as to laterally face the mirror 25, the size of the 
distance measuring apparatus S can be reduced in the height 

20 direction. 

In the above-described embodiment, the optical axis is 
reflected by the mirror 15, i.e., the reflecting portion in 
order to adjust the direction of the optical axis L of the 
25 camera 14. Alternatively, the optical axis of the camera 14 
may be, for example, refracted by a prism to adjust the 
direction of the optical axis. 

In the above-described embodiment, the movement amount 
30 computation section 12 performs Hough transform in order to 
obtain the amount of movement (dx, dy, d9) . However, the 
movement amount computation section 12 may use a clustering 
method, for example. In the clustering method, the first 
optical flow detection section 19 first selects two of the 
35 optical flows obtained by template matching. The first 



optical flow detection section 19 then computes the amount of 
rotation d0 by the following equation 5 on the basis of the 
coordinates of the start and end points of the selected first 
and second optical flows. 

5 

fa - Y, \X, ')- (X, - X , -Y,- ') 
dQ = tan -i—Ll lA-L L± V ' l± (5 ) 

f-fc -YjY'-Yj+Jf-iXt-xJxs-x;) 

In this case, the coordinates of the start point of the 
first optical flow are expressed as (Xi, Yi) ; the coordinates 

10 of the end point of this optical flow as (Xi', Yi ' ) ; the 

coordinates of the start point of the second optical flow are 
expressed as (Xj, Y j ) (1 < j < n); and the coordinates of the 
end point of this optical flow as (Xj 1 , Y j 1 ) (1 < j < n). The 
first and second optical flows can be freely selected. The 

15 amount of rotation d0 obtained by equation 5, the coordinates 
(Xi, Yi) and (Xj, Y j ) of the start points and the coordinates 
(Xi ? , Yi ' ) and (Xj ? , Yj 1 ) of the end points are substituted in 
equations 1 and 2 shown above to obtain the value of dx and dy 
with respect to the first and second optical flows. The 

20 obtained two sets of (dx, dy, dG) are plotted in a three- 
dimensional dx-dy-dG space. This operation is performed on 
all the combinations of the optical flows obtained by the 
first optical flow detection section 19 to form a multiplicity 
of point sets in the dx-dy-dG space. A frame of any size 

25 containing the point set having the largest number of points 
in the multiplicity of point sets, and including a number of 
points equal to or larger than a certain number is extracted 
in the dx-dy-dG space, and the centroid of the frame is 
obtained. The value of (dx, dy, dG) corresponding to this 

30 centroid is an affine transformation parameter, i.e., the 
amount of movement. 



In the above-described embodiment, the reflecting surface 

- 17 - 



15a of the mirror 15 is a flat surface. However, the 
reflecting surface 15a may be formed as a curved surface 
according to a purpose. 

5 The mobile unit 10 on which the distance measuring 

apparatus S of the present invention is mounted is not limited 
to a robot. For example, it may be a vehicle. 

In the above-described embodiment, the mobile unit 10 
10 moves only in directions parallel to the reference plane M. 
However, the mobile unit 10 may move in a direction 
perpendicular to the reference plane M . In such a case, the 
mirror 15 is adjusted so that the second optical axis portion 
L2 is always parallel to the reference plane M and extends 
15 close to the reference plane M. 

In the present invention, the distance measuring 
apparatus S detects the distance to the object B in a 
stationary state while the apparatus S is moving. However, 
20 the distance measuring apparatus S may detect the distance to 
the object B while the object B is moving. When the object B 
moves, the distance measuring apparatus S may be standing 
still. 

25 The second optical axis portion L2 from the reference 

plane M is not necessarily set at a small distance from the 
reference plane M . The distance may be selected so as not to 
exceed the height of the object B. 

30 The present examples and embodiments are to be considered 

as illustrative and not restrictive and the invention is not 
to be limited to the details given herein, but may be modified 
within the scope and equivalence of the appended claims. 
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